Twenty-five patients with pure mitral stenosis and nine normal subjects were studied by selective left ventricular cineangiocardiography. Left ventricular volumes were measured at end systole, throughout diastole, and at end diastole. Although filling curves showed that the left ventricles filled slowly in patients with mitral stenosis, normal end-diastolic volumes were attained provided diastole lasted 400 msec. Despite normal end-diastolic volumes, end-systolic volumes were significantly larger (P < 0.0005) in the patients with mitral stenosis (av = 64.6 ml) than in normal subjects (30.8 ml). Correspondingly, left ventricular ejection fractions were significantly lower (P < 0.0005) in the patients with mitral stenosis (55.7%) than in the normal subjects (76.7%).
traditional view is that this low output is a direct result of the narrowed mitral orifice. 3 However, this concept of a purely mechanical obstruction to left ventricular filling cannot account for the failure of cardiac output to rise in many patients after demonstrably adequate (though not necessarily optimal) mitral commissurotomy.4 5 The fact that this low output persists after surgery has led many investigators to suspect that some sort of left ventricular dysfunction exists in such patients. Y 5,6 Attempts to demonstrate such an abnornality, however, have not been notably successful.
We have employed selective left ventricular cineangiocardiography to demonstrate both quantitative and qualitative abnormalities of left ventricular function in patients with mitral stenosis.
Methods
Twenty-five patients with pure mitral stenosis were studied (table 1). All patients had experienced symptoms of pulmonary congestion. The average age of the patients with mitral stenosis was 46.1 years; 60% were female. diographic evidence of ischemic heart disease, systemic hypertension (defined for this study as a central aortic mean pressure at rest of 110 mm Hg or above), aortic valve disease, or mitral insufficiency were excluded from the study. However, the occurrence of slight mitral insufficiency during a premature ventricular contraction was not, in itself, considered cause for exclusion.7
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The results obtained in these patients with mitral stenosis are compared with those in nine patients proved to be free of heart disease after diagnostic studies (table 1) . These normal subjects had an average age of 40.8 years; 56% were female. All were in sinus rhythm except for one subject who developed atrial fibrillation during cardiac catheterization and was studied in that rhythm. Spontaneous reversion to sinus rhythm occurred 6 hours later.
General Methods
Each patient with mitral stenosis and four of the normal subjects underwent routine right and retrograde left heart catheterization. Cardiac output was determined by the direct Fick method, using technics previously described from this laboratory. The right posterior oblique views were employed to assess the validity of the procedure for correcting for the magnification of the image recorded in the right anterior oblique view. Analysis of the 21 right posterior oblique cineangiocardiograms showed that the left ventricular cavity was consistently approximately equidistant from the thoracic wall in that position. Therefore, correction for image magnification in the right anterior oblique position was made by correcting each left ventricular dimension by the average of the magnification of the previously filmed radiopaque rulers.
The first cycle following injection of the contrast material was generally not measured because the aortic valve plane was often not readily discernible. Ventricular extrasystoles and postextrasystolic beats were not analyzed. Left ventricular outlines were traced from individual cine frames projected on the screen of a viewer. Left ventricular volumes were calculated by the area-length method of Dodge and associates. 12 The area of the projected image was measured planimetrically and corrected for magnification. The midpoint of the aortic valve plane and the visible apex of the cavity defined the major semiaxis (a) of the assumed ellipsoid of revolution. The minor semiaxis (b) was calculated from the major semiaxis and the area. Left ventricular volume was then calculated from the formula:
Volumes were calculated at end systole (defined as the frame with the smallest calculable volume), throughout diastole, and at end diastole (defined as the frame with the largest volume). Left The left ventricular cineangiocardiograms were also assessed qualitatively for diffuse and focal abnormalities in contraction patterns.
One patient (69-467) with mitral stenosis died after an effort at mitral commissurotomy. The heart was sectioned to reveal the mitral valve region approximately as it had been seen during cineangiocardiography.
Comparisons between the data obtained in normal subjects and in patients with mitral stenosis were analyzed for significance using the two-tailed Student's t-test.13
Results
The data are presented in table 1 215) ml, respectively. The larger value in the patients with mitral stenosis appears to reflect the process, described previously, by which cardiac cycles were selected for analysis. This bias did not exist in the seven patients with mitral stenosis who were in sinus rhythm. The average end-diastolic volume was 121.0 ml in these seven. These data demonstrate that the end-diastolic volume is not subnormal in resting patients with mitral stenosis.
The end-systolic volumes in the patients with mitral stenosis averaged 64.6 (26 to 115) ml compared to 30.8 (14 to 77) ml in the normal subjects, a difference which is significant at a level of P < 0.0005. These values for end-systolic volume, as discussed previously, are the smallest values obtained in each patient. The values obtained in the seven patients with sinus rhythm were also significantly above the normal value, with an average of 51.9 ml. The two patients with the mildest mitral stenosis had the smallest endsystolic volumes of the entire mitral stenosis group, values which fall into the normal range. Apart from these two cases, no correlation between end-systolic volume and mitral valve area is evident. Calculation of left ventricular end-systolic volume per square meter of BSA slightly decreases the variances of both the mitral stenosis and the normal groups, but does not otherwise affect the data.
The left ventricular ejection fraction averaged 55.7% (36.9 to 75.0) in the patients with mitral stenosis and 76.7% (64.2 to 84.0) in the normal subjects, a difference which is significant at a level of P < 0.0005. If the two patients with the mildest mitral stenosis are excluded, there exists no correlation between ejection fraction and mitral valve area. figure  5 . The mitral commissures are fused; the leaflets are grossly thickened. The chordae tendineae of the posterior mitral leaflet are fused into a single rigid columnar structure 8 mm in diameter. The apex of the papillary muscle is fibrotic. The entire posterobasal portion of the ventricle has been drawn Figure 6 Right anterior oblique cineantgiocardiographic frames from patient 69-467, whose heart is pictured in figure  5 . The filling defect under the mitral valve (arrow head) is produced by a mass consisting of fused chordae tendineae from the posterior mitral valve leaflet.
toward the mitral annulus and made nearly immobile by the dense scarring of the entire mitral valvular complex. Figure 6 displays cine frames taken at end diastole and at end systole from the same patient. The distortion produced by the pathologic process is easily seen.
Discussion
The ability to reported by Kennedy and associates20 in 1966, permits more meaningful comparison with the present series. The principal difference is that our end-systolic volumes tend to be lower, resulting in somewhat higher ejection fractions. We believe that this discrepancy reflects, at least in part, different angiocardiographic filming technic. Kennedy and associates20 exposed only six films per second, and averaged the smallest volume from each of several cycles. This technic must overestimate end-systolic volume. Greene and associates'0 compared observations made at cineangiocardiography with those of 6 sec angiocardiography and generally found that end-systolic volumes obtained by the former technic were lower. They felt that this occurred because the 6 sec technic frequently missed end systole.
Angiography $Data from children-recalculated to exclude those under 2 years of age. §Children (over 2 years of age). **Children-one normal and four with pure pulmonic stenosis, selected from a larger group with various types of congenital heart disease. ttPresent study.
The possible effect of the angiographic medium on left ventricular function was considered. In the subjects and patients with sustained sinus rhythm, slight increases in end-diastolic volume and end-systolic volume, and slight decreases in ejection fractions were seen by the fourth beat following the injection of dye into the left ventricle. Since these changes were rather small and of equal magnitude in both the patients with mitral stenosis and the normal subjects, the injection of the dye was not considered to It can be seen from the left ventricular filling curves of the patients with mitral stenosis that significant shortening of the diastolic filling period would limit stroke volume; this is consistent with the observed deleterious effects of tachycardia in patients with mitral stenosis. 29 The data suggest that at rest, even in severe mitral stenosis, the left ventricle is able to fill adequately, though the requisite mitral valve gradient necessarily elevates pulmonary venous pressure, often to symptomatic levels.
The qualitative analysis of left ventricular contraction patterns is, as far as we are aware, the first attempt to employ, in patients with mitral stenosis, the technic of segmental left ventricular cineangiocardiographic analysis used by Herman and associates30 in the study of coronary artery disease. The distinctive abnormalities we have found in the posterobasal area of the left ventricle are, in our experience, quite specific for mitral stenosis.
The cause of this abnormality is not clear. The focal character speaks against a diffuse lesion such as old rheumatic myocarditis. The age of the patients and the focal nature of the abnormality raise the question of coronary occlusive disease as a possible cause. However, patients with any history or electrocardiographic evidence of this were excluded from the study and in most of the patients the coronary arteries were visible on the cineangiocardiograms and appeared normal. Finally, the posterobasal abnormalities are, as noted Circulation, Volume XLII, above, quite distinctive and have not been seen in any patient with coronary disease studied in our laboratory.
Our qualitative cineangiocardiographic findings support the hypothesis of Grant26 that the mitral valve ring, mitral leaflets, chordae tendineae, and papillary muscles form a rigid complex which restricts the mobility of the adjacent left ventricle, and that fibrosis of this area results. The pathologic information obtained in patient 69-467 provides additional support for this hypothesis. Our quantitative measurements suggest that this abnormality significantly impairs left ventricular function and that this impairment is a major factor in the reduction of cardiac output seen in patients with mitral stenosis.
